A simple method using a single-prism common-path interferometer is presented for the fabrication of complex quasicrystals in sub-micrometer scales. Multiple types of two-dimensional (2D) and three-dimensional (3D) quasicrystalline structures are designed and their diffraction patterns are obtained by using Fourier Transform method.
Introduction
Photonic quasicrystals (PQCs) have attracted significant interest in recent years because they exhibit superior performance as in comparison with periodic photonic crystals (PhC) [1] [2] [3] . For example, a PQC can exhibit a complete Photonic Band Gap (PBG) with low refractive index contrast [4] and independence of direction, rich 2 defect mode, etc. With the increase of rotational symmetry of PQCs, the photonic band becomes more circular in 2D (or spherical in 3D), which greatly increases the possibility of a complete bandgap generation [5] [6] . Higher-dimensional photonic quasicrystals (2D and 3D) offer greater flexibility over 1D structures in the design of their geometry and potential applications. However, the design rules become increasingly complex as one considers the broader range of deterministic aperiodic structures. This is demonstrated by the fact that tiling rules for 2D quasicrystals do not exist for geometries that exhibit more than 14-fold rotational symmetry [7] . On the other hand, large area production of quasicrystalline structures is extremely challenging using conventional micro/nano fabrication processes [8] [9] [10] . Hence, a simple and effective method is required to realize the design and fabrication of complex quasicrystals with higher symmetry and dimensions.
Laser holographic lithography has been recently reported to realize PBG materials [11, 12] . In principle, multi-beam laser interference is exploited to form holographic patterns in space which subsequently expose a photosensitive medium to form designed patterns. Lattice constant and structure of PGB materials can be tuned and fabricated in a flexible manner. Among these laser lithography technologies, it is known that the single diffraction [13] or refraction element [14] [15] [16] [17] [18] [19] method is the most encouraging as it is suitable for large-area manufacturing. Nonetheless, in our previous studies of PBG structures [16] [17] [18] [19] , we found that a specific type of prism only corresponds to a specific type of quasicrystalline structure. For instance, a pentagonal prism only leads to ten-fold quasicrystals. This suggests that the ever increasing demand of PQC with high symmetries and complexities would largely rely on the design and manufacture of complex prisms, which may be practically difficult and costly. The usage of complex prism will also significantly complicate the potential optical path adjustment and large area of crystal fabrications.
A single-prism system, combined with sample rotation and multiple exposures, is reported in this work to fabricate 2D and 3D complex PQC structures. The experimental setup is simple, easy to adjust and potentially suitable for large-area 3 fabrication of PQCs in sub-micrometer scales. A high level of schematic stability is also observed due to common path interference. In addition, the transmittance of a 12-fold and an 18-fold PQCs is calculated and compared to characterize their photonic band-gaps of transverse electric (TE) and magnetic (TM) modes, respectively. Assuming the same polarization and initial phase for the incident beams, the interference intensity on the medium can be expressed as [18] 
Theoretical modeling of 2D PQC structures
Where Ej is the amplitude of beam j,
is the spatial position vector. In the equation 13,   w 2 n k  and nw is the refractive index of the medium in the writing laser wavelength. Given the parameters of the prism and the beam wavelength, the interferogram corresponding to complex PQCs can be achieved by using the software Matlab2015 and the Equation (1)(3).
Design of 2D PQCs using the prism
For the prism system as shown in Fig.1a , substituting Based on the hexagonal structure formed by the TCTP, multi-fold PQCs can be designed and fabricated by controlling the rotational angle and times of exposures for photosensitive medium. We further studied the quantitative relationship between the PQC symmetry and key process parameters. Assuming the exposure times as n (n=1 corresponds to the starting position) and a single rotation angle as /3n, the obtained 7 PQCs have 6n rotational symmetries. For example, a 12-fold PQC corresponds to n=2, and the rotational times and angle are 1 and /6, respectively. Multiple rotational symmetries of PQCs can thus be generated. Based on this principle, any complex PQCs with 6n rotational symmetries could be produced. 
Design of 3D multi-fold PQC structures
For the TCTP interferometer in Fig.1b, if the central beam k0=k(0,0,1) is added to the interfering system, thus j,l=03 in the Eq.1, the 3D interfering field can be obtained in Fig.6. Fig.6a, b, c and d reveal a 3D structure and sectional views of x-y plane, x-z plane and y-z plane, respectively. Coordinate system is also shown in the figure. This is a periodical crystal with a complex hexagonal lattice. The structure is composed of two types of rods with different intensities, orange and light blue. In the When the photosensitive medium is rotated an angle /6 along z axis, two 3D structures in the Fig.6a are superposed in the different direction to get a 3D quasicrystalline structure, as shown in Fig.7 . It is observed that the structure is composed of a 12-fold rotational symmetrical quasicrystal in x-y plane and a periodical structure with rectangular lattices in x-z and y-z planes. Fourier transform pattern of the x-y sectional structure is also obtained and shown in Fig.7d . The pattern reveals the existence of 12-fold rotational symmetry more obviously. In the same way, by rotating an angle of a /9 interval two times and an angle of /12 three times, 3D 18-fold and 24-fold quasicrystalline structures can be obtained in Fig.8 and Fig.9 . Fig.8b and Fig.9b 
Calculating of photonic bands
The transmission diffraction efficiency was also modeled for 12-fold and 18-fold PQCs by using Rigorous Coupled Wave Analysis (RCWA) [20] 
Conclusion
We present here a simple fabrication method for complex PQCs by using a single-prism common-path interference. By adjusting the rotation angle as well as controlling the exposure times of photosensitive media, PQCs with complex structures and arbitrary rotational symmetries can be produced in the 2D and 3D space. Multifold PQC patterns are demonstrated using the prism and the TCTP prism system, respectively. A quantitative analysis is also developed to potentially design guidance between PQC symmetry and key process parameters. Photonic band studies on these complex PQCs reveal that the characteristics of photonic band-gaps can be improved with the increase of symmetries. Thus, it can potentially provide new means to develop PQCs with complete bandgaps.
